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Abstract

An association between saccharin consumption and alcohol intake has been observed in rodent lines genetically developed for alcohol
preference or alcohol avoidance. It has also been proposed that a sweetened alcohol solution can condition rats to consume high amounts of
alcohol. This work had two aims. First, to study the relationship between saccharin and alcohol intake in both high-alcohol-drinking UChB
rats and low-alcohol-drinking UChA rats and, second, to determine whether a long-term exposure to a sweetened alcohol solution can in-
crease their voluntary alcohol consumption. For the first purpose, UChB and UChA rats were tested under a free-choice paradigm between
two graduated bottles, one containing a saccharin solution (0.1, 0.2, or 0.4% [wt/vol]) and the other water. For the second purpose, UChB
and UChA rats that were under free choice between 10% alcohol and water, were offered a 10% alcohol solution containing 0.2% saccharin,
instead of 10% alcohol for 1 month and were then returned to free choice between 10% alcohol and water. The first experiment showed that
both lines have a high preference for saccharin at any concentration, but UChB rats drank twice as much saccharin solution as UChA rats
and consequently they increased significantly their total daily fluid intake. This fact has been suggested to be an animal analogue of the
clinical phenomenon known as “loss of control.”” In the second experiment a long-term exposure to a 10% alcohol solution containing
0.2% saccharin induced a significant increase in alcohol consumption in UChB rats once saccharin was faded out, whereas the alcohol
consumption in UChA rats returned to the previous low value. This result indicates that UChA rats have a genetic predisposition to avoid
alcohol. In conclusion, the results reported here for UChB and UChA rats show an association between saccharin and alcohol preference,
and suggest that their different genotypes are probably involved in alcohol aversion.
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1. Introduction a significant increase in daily fluid intake (DFI) was observed
A .. ation b leohol intake and when a saccharin solution was offered together with water
positive association between alcohol intake and con-— o )0y polevoy et al., 1995, 1999). This fact led the au-

sumption of sweet solutions has been observed in heteroge-
neous laboratory rodents (Overstreet et al., 1993) and also
in humans (Kampov-Polevoy et al., 2003, 2004). An associa-
tion between saccharin consumption and subsequent alcohol
intake can be seen more clearly in rodent strains/lines genet-
ically developed for alcohol preference or alcohol avoidance.
For instance, selectively bred alcohol preferring AA (Alko,
alcohol; Eriksson, 1968) and P (Indiana, Li et al., 1987) were
found to consume significantly larger quantities of saccharin
or sucrose solutions than their alcohol-avoiding counterparts,
that is, ANA (Alko, nonalcohol) and NP, respectively
(Kampov-Polevoy et al., 1992; Overstreet et al., 1993, 1997;
Sinclair et al., 1992; Stewart et al., 1994). Moreover, in P rats,

thors to suggest that the increase in DFI in the presence of
a saccharin solution exhibited by P rats may be an animal
analogue of the clinical phenomenon known as ‘“loss of
control” (Kampov-Polevoy et al., 1992, 1995). However,
no association between alcohol intake and consumption of
asweet solution was observed in other lines of rats selectively
bred for different consumption of alcohol, like the Sardinian
alcohol-preferring and nonpreferring (sNP) rats (Colombo
et al., 1995). Both of these ratlines showed a high degree of
preference for a saccharin solution and only marginal differ-
ences were observed between the two lines, suggesting that
their intake of saccharin is controlled by mechanisms that
are different from those that control their alcohol intake
(Agabio et al., 2000).
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high amounts of alcohol. Sweet-fading procedures have
been proposed as methods of induction of high alcohol
intake in laboratory animals (Gauvin et al., 1993). Speci-
fically, a long-term exposure of NP rats to a sucrose-
plus-alcohol solution resulted, when sucrose was faded
out, in an alcohol intake that was equivalent to that re-
corded in the counterpart P rats (Gauvin et al., 1998). In
contrast, a long-term exposure to a sweetened alcoholic so-
lution did not alter the genetic aversion to alcohol in sSNP
rats (Brunetti et al., 2003).

Our high-alcohol-drinking UChB and low-alcohol-
drinking UChA rats have been developed from Wistar rats
at University of Chile (Mardones & Segovia-Riquelme,
1983). UChB high-alcohol-drinking rats consume voluntar-
ily between 4 and 7 galcohol-(kg body weight)™' - day,
whereas UChA low-alcohol-drinking rats consume
0-2 g alcohol - (kg body weight) ' -day'. They also differ
genetically in their ALDH2 enzyme (Sapag et al., 2003).
The low-alcohol-drinking UChA rats display a point muta-
tion in the Aldh2 gene as compared to the high-alcohol-
drinking UChB rats. This Aldh2 shows a low affinity
(Km) for NAD that is four to fivefold higher than that of
the Aldh2 from UChB rats. Such a difference might explain
the low-alcohol consumption of UChA rats: A lower rate of
acetaldehyde metabolism would determine a genetic pre-
disposition to avoid alcohol. On the other hand, wild type
ALDH?2 present in UChB rats predisposes them to increase
their voluntary alcohol consumption when they are treated
with an intraperitoneal dose of alcohol (2.3 g/kg) (Tampier
& Quintanilla, 2002).

The purpose of this work was to address two questions.
The first was to study whether the postulated relationship
between saccharin and alcohol intake exists in UChB and
UChA rats. The second was to determine whether the
high-alcohol-drinking UChB rats and the low-alcohol-
drinking UChA rats exposed to a sweetened alcoholic solu-
tion increase their voluntary alcohol consumption.

2. Materials and methods
2.1. Animals

UChB and UChA rats (bred at the Faculty of Medicine,
University of Chile) (Mardones & Segovia-Riquelme,
1983) of both genders and 3-4 months old were used
throughout the experiments. Rats were housed in individual
cages in a room regulated at 22 = 2°C on a regular 12-h
light/12-h dark cycle and fed ad libitum on a balanced diet
lacking animal products.

2.2. Experiment 1

Ten UChB (five ? and five &) and 10 UChA (five € and
five &) experimentally naive rats were tested with a free
choice between two graduated bottles, one containing dis-
tilled water and the other a solution of increasing saccharin

concentration (0.1%, 0.2%, and 0.4% wt/vol saccharin in
water) under an unlimited access paradigm for 6 consecu-
tive days with each saccharin concentration. Saccharin
and water intakes were monitored daily. Bottles were re-
filled every day with fresh solution.

2.3. Experiment 2

Ten UChB (five ? and five &) and 10 UChA (five ¢ and
five &) rats under the paradigm of the two-bottle free choice
were offered distilled water and a 10% vol/vol alcohol so-
lution for 2 months. Daily alcohol consumption during the
last 30 days was averaged to obtain the mean alcohol con-
sumption for each animal (phase 1). On the third month,
rats were offered a 10% alcohol solution sweetened with
0.2% saccharin and water ad libitum (phase 2). Alcohol
containing 0.2% saccharin and water intakes were moni-
tored daily. Finally, rats were tested for preference between
unsweetened alcohol and water for 30 additional days
(phase 3), immediately after the preceding phase with no
interruption. Daily alcohol and water intakes during each
phase of 30 days were averaged every 5 days.

Alcohol consumption was expressed as ml/kg body
weight. Daily water consumption was expressed as ml/kg
body weight and total DFI as the sum of water and
0.9 X 10% alcohol. Preference for saccharin was expressed
as percentage of saccharin solution consumed over total
DFI.

2.4. Statistical analysis

Results are expressed as the mean * standard error of
the mean. M. In experiment 1, a mixed-model analysis of
variance with two between-subjects factors (line and gen-
der) and two within-subjects factors (saccharin concentra-
tion [0.1, 0.2, and 0.4%] and day [6 days each period])
was used to evaluate saccharin consumption and total fluid
intake of the two selected lines of rats. In experiment 2, the
generalized estimating equation population-averaged model
was used to address the interaction of saccharin intake on
the 10% alcohol consumption by both lines of rats.

3. Results
3.1. Experiment 1

As shown in Fig. 1, UChB and UChA rats consumed
large quantities of saccharin, and in both lines of rats the
mean intake of saccharin was consistently higher than wa-
ter intake. Thus, both lines of rats presented a high prefer-
ence for a saccharin solution but saccharin intake in UChB
rats doubled that of UChA rats. Saccharin preference ex-
pressed as percentage of saccharin solution consumed over
total fluid intake was 97% for UChB and 85% for UChA
rats. No gender difference was observed in saccharin or to-
tal fluid intake. The mixed-model ANOVA on saccharin
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Fig. 1. Daily intake of increasing saccharin concentration (0.1%, 0.2%,
0.4% solution) and total daily fluid intake (DFI) under an unlimited access
paradigm for 24 h/day for 6 consecutive days with each saccharin concen-
tration in alcohol-naive high drinker UChB (O) and low drinker UChA
(@) rats. Saccharin intake and DFI are expressed in ml/kg body weight.
Each point is the mean = standard error of the mean of 10 rats.

intake showed significant effects of line [F(1, 353) = 185.05,
P <.0001], gender [F(1,353) = 48.10, P < .0001], and sac-
charin concentration [F(2, 353) = 38.29, P < .0001]; there
was no significant effect of day. A post hoc analysis revealed
that the mean daily intake of the different saccharin concen-
trations was significantly higher in UChB rats than in the
UChA rats (P < .001). Also, a significant difference in sac-
charin consumption was observed in UChB rats when con-
suming 1% saccharin than when consuming 2% saccharin
(P <.001) and between 1% and 4% saccharin (P < .001).
For UChA rats, a significant difference was observed be-
tween saccharin 1% versus 2% (P <.001) and 1% versus
4% (P <.001).

Concomitantly, the mixed-model ANOVA on total fluid
intake showed significant effects of line [F(1, 353) =
131.33, P <.0001], gender [F(1, 353) = 33.79, P <.0001],
and saccharin concentration [F(2, 353)=27.83, P <
.0001], but no effect of day. The mean daily total fluid
intake was significantly higher in UChB rats than in the
UChA rats (P < .001). In UChB rats, a significant difference
was evident between total fluid intake when consuming 1%
saccharin than when consuming 2% saccharin (P <.001),

and also between 1% and 4% saccharin (P <.001). For
UChA rats, no significant difference existed for total fluid in-
take across the different saccharin concentrations.

The daily voluntary alcohol consumption under the two-
bottle choice paradigm after the saccharin experiments was
6.2 = 0.6 g alcohol - (kg body weight)”'-day ' for UChB
rats and 0.3 + 0.1 galcohol-(kg body weight)™'-day '
for UChA rats.

3.2. Experiment 2

Fig. 2 shows the daily intake of alcohol and total DFI for
both lines of rats before (phase 1), during (phase 2), and af-
ter (phase 3) 1 month of consuming a 10% (vol/vol) alcohol
solution containing 0.2% (wt/vol) saccharin (the experi-
mental condition). The analysis of data depicted in Fig. 2
by the generalized estimating equation population-averaged
model showed that UChB rats having free access to a sweet-
ened alcohol solution and water (phase 2) increased their
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Fig. 2. Daily 10% alcohol intake and total daily fluid intake (DFI) in
high drinker UChB (O) and low drinker UChA (@) rats before, and af-
ter the experimental addition of saccharin (2 g/L) to the alcohol solution.
Alcohol intake occurred under the two-bottle free-choice regimen with
water for 24 h/day. First, rats were offered 10% alcohol solution for 30
consecutive days (phase 1), then saccharin (2 g/L) was added to 10% al-
cohol solution during next 30 days (phase 2), afterward saccharin was
faded out from 10% alcohol solution for other 30 consecutive days (phase
3). No interruption was interposed between phases. Alcohol intake and
DFI are expressed in ml/kg body weight. Each point is the mean * stan-
dard error of the mean of the average consumption of 10 rats every 5 days
during each phase.



alcohol consumption significantly when compared to the
amounts that these rats drank before the experimental con-
dition (phase 1) (z=7.41, P <.001). When UChB rats
were returned to the free choice between water and
a 10% alcohol solution (phase 3), they maintained their
characteristic high alcohol intake but significantly lower
than that during phase 2 (z = —3.41, P <.001) yet higher
than the amount of alcohol that these rats drank under the
same condition during phase 1 (z =4.00, P <.001). Total
DFI of UChB rats also increased after 1 month of access
to alcohol solution containing 0.2% saccharin (phase 2)
as compared to that seen in phase 1 (z=4.4, P <.001).
When these rats were returned to the free choice between
water and 10% alcohol solution (phase 3), they maintained
the high DFI that was seen in phase 2 (z= —1.83,
P <.067), which was significantly higher than that seen
in phase 1 (z=2.57, P <.001).

UChA rats given access to a 10% alcohol solution con-
taining 0.2% saccharin and water (phase 2) also increased
their alcohol consumption significantly (z = 10.60,
P <.001). However, when saccharin was faded out from
the 10% alcohol solution (phase 3) UChA rats drank signif-
icantly lower amounts (z = —10.66, P < .001), returning to
their characteristically low-alcohol consumption. Phase 3
alcohol consumption was not significantly different from
that of phase 1 (z = 0.06, P < .951) for UChA rats. No sig-
nificant differences were observed in DFI across phases
[phase 2 vs. phase 1 (z = 0.24, P < .809); phase 2 vs. phase
3 (z=0.19, P <.851); phase 3 vs. phase 1 (z=0.05,
P <.957)].

4. Discussion

The data from the saccharin experiments indicate that
both UChB and UChA rats show a high propensity toward
consumption of the saccharin solution at any of the concen-
trations. However, UChB rats drink significantly more sac-
charin solution than UChA rats under the same condition
over the range of saccharin concentrations studied here
(Fig. 1). The results support a close relationship between
genetic factors influencing alcohol and saccharin intake in
both ratlines.

One of the interesting characteristics of saccharin intake
of P rats is their tendency to consume saccharin beyond the
limit of normal DFI (Kampov-Polevoy et al., 1995, 1999).
Rats genetically selected for alcohol preference show an
even greater saccharin-induced polydipsia. For example,
high-alcohol-preferring rats exhibited a 370% increase in
DFI when a saccharin solution was available along with
water, whereas low-alcohol-preferring rats consumed sac-
charin solution within their normal DFI (Overstreet et al.,
1997). Kampov-Polevoy et al. (1995) suggested that the in-
crease of DFI in the presence of a saccharin solution ex-
hibited by P rats may be an animal analogue of the
clinical phenomenon known as ‘“loss of control.”” In the

clinical situation, loss of control refers to the behavior in
which a rewarding substance is taken in larger amounts
or over longer periods of time than is intended. P animals
tend to choose more concentrated sweet solutions compared
to NP animals. Similar tendencies were noted in studies of
alcoholic and nonalcoholic subjects, with most alcoholics
preferring sweeter sucrose solutions (Kampov-Polevoy
et al., 1997). Our high-alcohol-drinking UChB rats also
show a substantial increase in their DFI when saccharin is
present (Fig. 1). A significant increase in DFI was observed
only in UChB rats under free choice between saccharin
solution and water, whereas under the same condition the
low-alcohol-drinking UChA rats consumed the saccharin
solution within the limits of their DFI.

Although the mechanism of association between con-
sumption of sweet solutions and alcohol intake is not fully
understood, it may be speculated that it is determined by
a common mechanism mediating the rewarding properties
of both sweet and alcohol solutions. It has been shown that
various drugs of abuse and sweet foods share the ability to
increase the extracellular concentration of dopamine in the
nucleus accumbens (Di Chiara et al., 1998; Hajnal et al.,
2004) suggesting that alcohol and sweets may share a com-
mon dopaminergic mechanism in mediating their hedonic
effects. Previous results showing that sulpiride (a D2 recep-
tor antagonist) decreases alcohol consumption in UChB rats
(Mardones et al., 1984) support this notion. Taken together,
these results suggest that this relationship might be related
to similar mechanisms mediating the reinforcement from
sweet taste and from systemic alcohol.

Alcohol consumption by rats appears to be learned, the
preference for alcohol needs to be developed and in most
cases, to be enhanced by prolonged and/or forced exposure
to alcohol (Adams et al., 1991; Waller et al., 1982). It has
been proposed that selectively bred NP rats can ‘““learn”
to consume alcohol in amounts equivalent to those con-
sumed by P rats when ethanol is offered in palatable fluids
and over prolonged periods of time (Gauvin et al., 1998). In
effect, when NP rats were exposed for a long term to a
sucrose alcoholic solution, and then sucrose was faded out,
alcohol intake in NP rats was equivalent to that recorded
in P rats, indicating that NP rats could be conditioned to con-
sume amounts of alcohol similar to those consumed by
P rats. In contrast, long-term exposure to a sweetened alco-
hol solution did not alter the genetic aversion to alcohol in
sNP rats (Brunetti et al., 2003). Results of the exposure to
a 10% alcohol solution containing a highly accepted concen-
tration of saccharin show that this treatment also failed to
induce any relevant alcohol-drinking behavior in our low-
alcohol-drinking UChA rats. Although alcohol consumption
in UChA rats having access to a sweetened alcohol solution
increases with respect to the consumption they exhibited un-
der free choice of 10% alcohol solution and water (4.4 = 0.8
vs. 0.3 = 0.2 g alcohol-kg~'-day !, respectively), alcohol
consumption appeared to be maintained predominantly by
saccharin intake because alcohol drinking was dramatically



reduced once saccharin was faded out and rats were returned
again to free choice between water and 10% ethanol solution
(Fig. 2). Results of the current study indicate that a long ex-
posure to a sweetened alcohol solution failed to overcome the
genetic predisposition to avoid alcohol in UChA rats. More-
over, UChA rats did not increase their alcohol intake after
a long-term forced exposure to a 10% alcohol solution
(L. Tampier & M. E. Quintanilla, unpublished observation).
In contrast to NP rats, these results indicate that the mecha-
nism underlying the genetic predisposition to avoid alcohol
in UChA rats is different from that involved in other alco-
hol-avoiding rats from different foundation stocks. We postu-
late that the different genotype of ALDH2 present in UChA
rats is involved in the development of alcohol aversion (Quin-
tanilla et al., 2005) inducing a greater sensitivity of UChA
rats to the aversive than to the rewarding attributes of alcohol
(Quintanilla et al., 2001).

On the contrary, the free access of high-alcohol-drinking
UChB rats to a sweetened alcohol solution leads to a signif-
icant increase in their alcohol consumption when compared
to their previous alcohol consumption under free choice be-
tween a 10% alcohol solution and water, 8.5 = 0.6 versus
5.7+ 0.4 g alcohol -kg~'-day ', respectively. When sac-
charin is faded out, UChB rats maintain the increase in al-
cohol consumption that they had when alcohol contained
0.2% saccharin. These results lead us to suggest that the
high-alcohol-drinking UChB rats may have a greater sensi-
tivity to the rewarding attributes of alcohol, because they
increase significantly their alcohol intakes after a free
choice between water and 10% alcohol solution containing
0.2% saccharin. The results also support the suggestion that
while having access to a 10% alcohol solution containing
0.2% saccharin and water for 1 month, UChB rats develop
tolerance to the aversive effects of alcohol or a higher sen-
sitivity to the positively hedonic properties of alcohol. In
accordance with this, previous results show that UChB rats
can increase their voluntary alcohol consumption when
they are treated with an IP dose of alcohol (Tampier &
Quintanilla, 2002) or if they are forced to drink when of-
fered alcohol only (L. Tampier & M. E. Quintanilla, unpub-
lished observation). This may be explained because UChB
rats can develop acute tolerance to a dose of alcohol (Tamp-
ier & Mardones, 1999). In summary, these results also sug-
gest that saccharin and alcohol could be operating directly
on one or more of the same neurochemical systems under-
lying the reinforcing effects of these agents, alcohol being
more rewarding because rats do not need to increase their
DFI to reach their hedonic set-point mechanism that regu-
lates their alcohol intake (Agabio et al., 2000). It is generally
accepted that tolerance and sensitization are analogous to
a learning process, because they involve an adaptive change
in response to stimulation (Goudie & Demelweek, 1986).

The results here reported also show an association be-
tween saccharin and alcohol intake as has been reported
by several investigators in other P and NP rats (Kampov-
Polevoy et al., 1992; Overstreet et al., 1993, 1997; Sinclair

et al., 1992; Stewart et al., 1994). Additionally, these results
suggest that saccharin and alcohol preference may have
a similar genetic basis, whereas different genotypes are
probably involved in the development of alcohol aversion
and that the contribution of each genotype may vary be-
tween different alcohol-avoiding rats.
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